Periodontitis is a multifactorial degenerative disease associated with inflammation. It is characterized by the colonization of pathogenic bacteria, and the progressive destruction of the alveolar bone and connective tissues leading to possible tooth loss.[@ref1],[@ref2] Although aggressive periodontitis (AgP) and chronic periodontitis (CP) have many similar clinical manifestations, there are several differences including: rate of progression, pattern of destruction, and clinical signs of inflammation.[@ref3] It suggested that in periodontitis, activated neutrophils release several mediators, including reactive oxygen species (ROS) and proteolytic enzymes, which subsequently induce the secretion of several immunomodulatory compounds involved in the elimination of pathogens. If the excessive ROS produced during the immune response are not effectively neutralized by antioxidants, host-tissue damage may result.[@ref4]-[@ref6] The contribution of ROS to the tissue destruction in periodontitis has been known for some time, but the role of antioxidants in this process remains unclear.[@ref7],[@ref8] Reactive oxygen species include a variety of chemical species with one unpaired electron in the outer shell and are derived predominantly from molecular oxygen.[@ref9] Under physiological conditions, a small portion of the oxygen consumed by the body is constantly converted to ROS (such as, superoxide anions, hydrogen peroxide, hydroxyl radicals, and hypochlorous acid). The main sources of ROS include the mitochondrial respiratory electron transport chain, the respiratory burst associated with neutrophil activation, xanthine oxidase activation from ischemia-reperfusion injury, and arachidonic acid metabolism.[@ref10] Up to a threshold concentration, ROS modulate some cellular functions, and they are recognized as important mediators of cell growth, adhesion, differentiation, protection against environmental pathogens, senescence, and apoptosis.[@ref11] However, when these species exceed a threshold level they cause cellular damage either directly or by modulating the effectors of various signaling pathways. Cells, tissues, and body fluids have powerful antioxidant defense systems that counteract oxidative damage, such as superoxide dismutases, catalase, glutathione peroxidase, uric acid, ascorbic acid, glutathione, lipoic acid, carotenoids, vitamin E, and ubiquinol.[@ref12] Oxidative stress occurs in tissues when there is an imbalance between ROS generation and antioxidant defenses. The total antioxidant capacity (TAOC) is an integrated parameter that reflects the cumulative action of mainly non-enzymatic antioxidants present in the plasma and body fluids.[@ref13],[@ref14] It is suggested that measurement of the TAOC may provide information on the balance between oxidants and antioxidant systems.[@ref15] An inadequate antioxidant capacity may play a role in the excessive tissue destruction with AgP. Our hypothesis was that AgP patients would have a lower antioxidant capacity than CP patients and the controls. The aim of this cross-sectional study was to examine the salivary and plasma TAOC, as well as the clinical findings in patients with CP and AgP compared with age- and gender-matched healthy controls.

Methods {#sec1-2}
=======

Study population {#sec2-1}
----------------

A total of 88 individuals seeking dental treatment at the Faculty of Dentistry, Istanbul University, Istanbul, Turkey between January 2011 and March 2012 were included in the present study. Fifteen otherwise healthy, untreated patients with generalized AgP (2 males and 13 females; age range: 22-29 years), and 36 systemically healthy, untreated patients with generalized CP (11 males and 25 females; age range: 31-50 years) were recruited. Two groups of systemically and periodontally healthy individuals were also recruited: Control group 1 (C1) included 21 individuals (4 males and 17 females; age range: 21-31 years) matched in age to the AgP group; and Control group 2 (C2) included 16 individuals (10 females and 6 males; age range: 32- 50 years) matched in age to the CP group. The study was approved by the Ethics Committee of Istanbul University Faculty of Medicine, and conducted in full accordance with ethical principles including the Declaration of Helsinki, as revised in 2002. Written informed consent was obtained from all participants before the clinical periodontal examinations and specimen collection. The TAOC varies from each geographic region, gender, and diet. Therefore, we tried the recruited, test, and control groups similarly. There is no difference between the corresponding control groups and the test groups in terms of gender, and they are all Caucasian. Individuals were systemically healthy and exclusion criteria included: pregnancy, use of non-steroidal anti-inflammatory drugs, use of antimicrobial drugs, or use of mouthwashes and vitamin supplements in the 3 months preceeding the study. Individuals with obvious oral mucosal lesions, periodontal abscesses, or acute necrotizing gingivitis-like conditions were also excluded from the study. All volunteers did not have a history of smoking or recreational drug use. Individuals with generalized AgP and CP were diagnosed in accordance with the clinical criteria stated in the consensus report of the 1999 American Academy of Periodontology Workshop.[@ref16] The enrollment criteria for the groups were as follows: CP - a minimum of 20 natural teeth (excluding third molars), ≥30% of periodontal sites with ≥4 mm probing depth (PD), ≥50% of sites bleed on probing (BOP), ≥20% of periodontal sites with \>2 mm interproximal clinical attachment level (CAL), and radiographic evidence of bone loss; AgP - the presence of any other systemic infection or disease, having at least 20 teeth, attachment loss of at least 5 mm affecting at least 8 teeth, and bone loss around at least 3 teeth other than incisors and first molars; and C1 & C2 - individuals with clinically healthy periodontium, \<20% of sites with BOP, none of the sites with ≥4 mm PD, none of the sites with \>2 mm CAL, and no radiographic evidence of bone loss. Periodontal disease severity was defined as follows; 2 or more interproximal sites with CAL ≥6 mm, not on the same tooth, and one or more interproximal sites with PD ≥5 mm.

Clinical examination {#sec2-2}
--------------------

Clinical periodontal measurements were obtained at 6 sites (mesio-buccal, mid-buccal, disto-buccal, mesio-lingual, mid-lingual, and disto-lingual locations) on each tooth, except the third molars, using a periodontal probe (Williams periodontal probe, Hu-Friedy, Chicago, IL, USA) and included the following: the dichotomous plaque index (PI) (positive or negative), gingival index (GI),[@ref17] PD, CAL, and the presence of BOP (positive or negative). The CAL was assessed from the cement-enamel junction (CEJ) to the base of the probable pocket. The BOP (deemed positive if it occurred within 15 seconds after periodontal probing), and visible plaque accumulation was recorded dichotomously by visual examination. All measurements were performed by a single calibrated examiner. The intraexaminer reliability was high, as revealed by an intraclass correlation coefficient of 0.83 for PD measurements.

Saliva and blood sampling {#sec2-3}
-------------------------

Saliva and blood samples were collected one week after the clinical periodontal measurements. Participants were instructed to refrain from eating, drinking, and performing oral hygiene procedures 12 hours before saliva collection. Saliva samples were collected according to the unstimulated whole saliva method between 8:00-11:00 am. After rinsing the mouth with tap water, subjects were asked to expectorate saliva into sterile plastic cups for 10 minutes. Following collection, sample cups were immediately sealed with rubber stoppers and stored at -80°C. Fasting blood samples were collected in heparinized tubes by trained assistants. After collection, samples were immediately transported to the laboratory for plasma separation and were stored at -80°C.

Saliva and plasma TAOC analysis {#sec2-4}
-------------------------------

The TAOC was measured using a commercially available colorimetric kit (Cat. No: 709001, Cayman Chemical Company, MI, USA) which is based on the ability of antioxidants to inhibit the oxidation of ABTS^®^ (2,2'-azino-di-\[3-ethylbenzthiazoline sulphonate\]) to ABTS^®·+^ by metmyoglobin. The capacity of the sample antioxidants to prevent ABTS oxidation is compared with that of Trolox, a water-soluble tocopherol analogue, and is quantified as molar Trolox equivalents. After saliva samples were diluted 1:2 and plasma samples 1:20, all samples were analyzed according to the manufacturer's instructions. The absorbance was read at 405 nm, and the results were expressed as µM.

Statistical analysis {#sec2-5}
--------------------

The Number Cruncher Statistical System (NCSS) 2007 and PASS 2008 Statistical Software (Kaysville, Utah, USA) packages were used for data analyses. Demographic and diagnostic clinical data were performed using Pearson's chi-square and independent-sample t-test. Each patient was considered an observational unit for all clinical measurements, and for each parameter, the average of the whole mouth measurements (excluding the third molars) was used for calculations. The normality of data distribution was assessed using the Kolmogorov-Smirnov test, which indicated that the data were not normally distributed. Kruskal-Wallis multiple-comparison test was used to determine the differences in parameters among the four groups. If a difference was detected, Bonferroni (all-pairwise) multiple-comparison test were used to determine which of the groups were different. Pearson's correlation analysis was performed to investigate possible relationships between the biochemical and clinical parameters.

Results {#sec1-3}
=======

Clinical findings {#sec2-6}
-----------------

[**Table 1**](#T1){ref-type="table"} shows the demographic variables and clinical parameters of the subjects. There were no significant differences between the mean age of the AgP or CP patients, and their respective controls. The CP patients were significantly older than the AgP patients (*p*\<0.05). The PI, GI, PD, CAL, and BOP were significantly higher in the AgP and the CP group than in C1 and C2 (*p*\<0.005 for all parameters). There was no significant difference between the periodontal clinical parameters of AgP and CP patients.

###### 

Demographic characteristics and diagnostic clinical parameters of dental subjects (mean ± standard deviation).
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Saliva and plasma TAOC {#sec2-7}
----------------------

[**Table 2**](#T2){ref-type="table"} indicates the salivary and plasma TAOC for all subjects. The plasma TAOC for AgP and CP patients were lower than those of the C1 and C2 groups (*p*\<0.05). The plasma TAOC of the CP group was higher than that of the AgP group (*p*\<0.05). The only significant difference in the saliva TAOC was between CP patients and the C2 group, with the capacity being lower in periodontitis patients (*p*\<0.05). The saliva TAOC was negatively associated with the PD (r=0.37, *p*\<0.001), BOP (r=0.36, *p*\<0.001), and CAL (r=0.32, *p*\<0.001). There were also negative correlations between the plasma TAOC and the PD (r=0.30, *p*\<0.01), BOP (r=0.26, *p*=0.01), and CAL (r=0.25, *p*\<0.01). When the correlation between saliva and plasma TAOC levels were evaluated, only KP group have shown a correlation (r=0.48, *p*\<0.0001).

###### 

Salivary and plasma TAOC of patients with CP and AgP and the respective controls (median, mean ± standard deviation).
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Discussion {#sec1-4}
==========

The present study compared saliva and plasma TAOC levels in non-smoking patients with generalized CP or AgP, and clinically healthy individuals. Several reports associate periodontal diseases with an imbalance between oxidants and antioxidants. This can be the result of an increase in free radical production and/or a defect in antioxidant activity.[@ref7],[@ref18] It is suggested that the severity of periodontitis is independently associated with increased oxidative stress and a reduced antioxidant capacity.[@ref8],[@ref19] This study demonstrated that plasma TAOC levels were significantly lower in both severe CP and AgP patients than age- and gender-matched control groups.

Periodontal disease is caused by bacteria that populates the gingival crevices and periodontal pockets. The tissue destruction is mediated by chronic and progressive inflammation in response to bacterial colonization.[@ref1] Inflammation and infection in periodontal disease exhibit a low-grade systemic state, which may reduce the plasma total antioxidant capacity. Such inflammation may also be an innate response to periodontal bacteria.[@ref7],[@ref20] The AgP and CP have been associated with an enhanced host response characterized by higher serum levels of inflammatory markers. The AgP causes more rapid damage to the supporting dental tissues than CP.[@ref3],[@ref19],[@ref21] Our findings indicated that individuals with AgP had a lower plasma TAOC than those with CP. Oxidative stress has been implicated in the pathogenesis of aging, and the degree of oxidative damage increases with age.[@ref22],[@ref23] Lower TAOC levels and younger age could be associated with AgP. In contrast to our findings, D'Aiuto et al[@ref19] failed to find a significant difference between individuals with AgP and CP. However, the data for CP and AgP patients were not presented separately. Discrepancies among studies may arise from differing methodologies, or the lack of a specific diagnosis. Strong evidence suggests an association between plasma TAOC and CP. In the present study, individuals with severe CP had a lower plasma TAOC, in accordance with previous reports.[@ref18],[@ref24] Chapple et al[@ref18] concluded that the plasma TAOC is inversely associated with periodontitis, and the association is stronger for severe disease. Both Abou Sulaiman et al[@ref24] and Brock et al[@ref7] concluded that CP patients had a lower plasma TAOC than controls.

Our results revealed that plasma TAOC is significantly lower in AgP patients than in age-matched controls. Unfortunately, few studies have compares these 2 patient groups. Lower saliva TAOC in CP patients has been reported previously.[@ref7],[@ref25]-[@ref27] Guentsch et al[@ref27] reported that the TAOC flow rate (antioxidant delivery in saliva) was significantly lower in patients with periodontitis (0.34 ± 0.26 µM) compared with controls (0.62 ± 0.24 µM; *p*\<0.05). Miricescu et al[@ref25] reported that the salivary antioxidant activity was decreased significantly in patients with CP (*p*\<0.05). Our results are consistent with these studies. We also found a significant difference between CP patients and controls. Brock et al[@ref7] reported that the salivary TAOC was lower with periodontitis, but this difference was not significant. Conflicting results between studies might be due to differences in disease severity among subjects. All patients in this study had severe periodontitis. In contrast, Novakovic et al[@ref26] found similar salivary antioxidant profiles between periodontitis patients and controls. In their study, the mean PD levels were similar between groups. This could explain the similar salivary TAOC. We found that the salivary TAOC of AgP patients was lower than that of periodontally healthy individuals, albeit not significantly so. Similar to our results, Baltacioglu et al[@ref28] reported that the salivary TAOC concentrations were significantly lower in the AgP group than CP group and controls. To our knowledge, only a few studies focused on saliva TAOC of AgP patients. Further investigation of the salivary TAOC in AgP patients is needed.

Study limitations {#sec2-8}
-----------------

Inclusion of only non-smokers and the use of separate age- and gender-matched control groups for both CP and AgP strengthen our findings. To eliminate the overlap between CP and AgP patients, subjects older than 30 years were not included in the AgP group. A limitation of our study was the lack of plasma and saliva oxidant parameter measurements. This could explain the lower antioxidant capacity in severe periodontitis patients, particularly with AgP. However, evaluation of the plasma and salivary TAOC in plasma and saliva was the main objective of the present study.

In conclusion, this study shows that severe periodontitis is associated with the plasma and salivary antioxidant capacity. The reduced antioxidant capacity in patients with severe periodontitis, especially an aggressive form may be an important contributor to severe tissue destruction. Longitudinal studies with a larger sample size are needed to define the role played by antioxidants in the progression of periodontal disease.
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